Introduction. Patients with the history of neoplastic disease in childhood and adolescence, successfully treated, are at higher risk in terms of their susceptibility to develop other diseases later in their lives.
the completion of their treatment, e.g. subclinical symptoms of cardiomyopathy. Although such complications can easily be predicted on the basis of treatment applied, there are numerous other factors that account for the failure of treatment. The degree of risk varies. Complications may be genetically conditioned, affected by lifestyle or other concomitant health problems [2] [3] [4] [5] .
Anticancer pharmacological treatment can result in lesions affecting the oral mucosa, including altered concentration of salivary cytokines. Complications affecting the alimentary tract including the oral cavity can require modified treatment protocol which adversely affects final therapeutic outcome [6] [7] [8] .
AIM
The purpose of study was to evaluate saliva TNF-α concentration in the children with acute lymphoblastic leukemia with reference to gingival inflammations which are likely to cause treatment difficulties and prolong anticancer treatment time.
IntroduCtIon
Patients with the history of neoplastic disease in childhood and adolescence, successfully treated, are at higher risk in terms of their susceptibility to develop other diseases later in their lives. Their growth and development of tissues is affected by earlier therapy for juvenile neoplasms they received. The evaluation studies into various stress situations and lowered psychic immunity in the group of children with the past history of neoplasms proved that fully active lifestyle and good socio-economic status allow for the reduction of pathologies and improve their quality of life [1] .
Children with acute lymphoblastic leukemia (ALL) are a group that requires special care and health promotion, prophylactic pro-healthy behaviors and therapeutic activities which should be undertaken during diagnostic process, early treatment as well as directed towards those who were cured. The individuals who received chemotherapy, radiotherapy or surgery are likely to develop late chronic complications or health problems many years, even decades following
MAtErIAL And MEtHodS
The investigation was carried out in the group of 78 children with ALL aged 2-18yrs and analogical in terms of age and gender group of healthy controls. In the group of examined children 5 had recurrent neoplasms located in the brain and spinal cord, 2 children had recurrent bone marrow cancer, 7 children had their CNS affected and 3 children had Down's syndrome. The examination of children with ALL followed three stages: examination 1 performed prior to chemotherapy, examination 2 -a few days to five months following the onset of chemotherapy, examination 3 carried out after 0.5 to 1.5yr of anticancer therapy. The treatment followed the protocol of ALLIC BFM 2002 Program. Dental examinations were preformed with basic diagnostic kits in artificial light.
Clinical dental examination of the children with ALL and the control group included the evaluation of gingival condition by Gingival Index (GI) (Löe and Silness). Two hours after morning meal unstimulated saliva samples were taken and TNF-α was determined by TNF-α human EIA. The saliva samples were centrifuged for 15min at 5,000rpm. Centrifuged saliva was frozen at -80°C and stored until laboratory tests.
The results were analyzed statistically. Measurable parameters were presented as means, medians, minimum, maximum and SD. U-Man-Whitney test was used to compare two independent groups, the Spearman R correlation coefficient significance test was used and Wilcoxon's test to compare dependent groups. Statistical analysis was done by STATISTICA 10.0, p<0.05 was assumed statistically significant.
rESuLtS
The results of examinations in both groups and statistical analysis were listed in tables 1 and 2 and graphically presented on Figures 1-4 .
Gingival conditions were expressed as gingival index (GI). In the group of children with ALL mean GI determined in examination 1 was 0.084±0.34, in examination 2 GI=0.007±0.04 and in examination 3 mean GI=0.017±0.13. In the group of healthy controls GI=0.003±0.03. GI values were statistically significantly higher in the group with ALL prior to treatment in comparison to the control group (Table 1). In the group with ALL GI determined in examination 1 ranged 0-1 in 6.45% children while GI>1 was noted in 4.84% children. In this group mean GI determined over 1 to 5-month period of treatment was higher compared to the control group, however the differences between those groups were not statistically significant. Mean GI>1 was observed in 3.17% children with ALL in examination 2. It can be explained by the fact that gingival inflammations occurred in that period with lesser frequency compared to examination 1. In examination 3 the children with ALL had higher GI in comparison to the control group; the differences were statistically insignificant though. Similarly to examination 2, GI>1 was noted in 3.17% children with ALL. The results found higher frequency of gingival inflammations in children with ALL on chemotherapy compared to the healthy controls.
Saliva concentration of tumor necrotic factor-α (TNF-α) determined in the group of children with ALL in examination 1 ranged 4.16-135.01pg/ml. In that group in examination 1, mean saliva TNF-α concentration was 36.9±32.6pg/ ml. In the group of healthy children mean saliva TNF-α concentration was 52.1±107.64pg/ml. Mean saliva TNF-α concentrations (examination 1) were lower in the group of children with ALL in comparison to the healthy controls, however the differences were not statistically significant (p>0.05; Table 2 ). In examination 2, saliva TNF-α concentrations ranged 2.43-92.36pg/ml, mean saliva TNF-α concentration was 28.2±20.4pg/ml. In the group of children with ALL mean saliva TNF-α values were lower compared to the control group; however the differences were statistically insignificant (p>0.05; Table 2 ). In examination 3, saliva TNF-α concentrations ranged 2.95-171.8pg/ml, mean saliva TNF-α concentration was 28.9±28.8pg/ml. In the group of children with ALL mean saliva TNF-α values were lower compared to the control group; however the differences were close to statistically significant (Chi 2 =2.8949, p=0.089; Table 2 ). The above values refer to healthy children The above values refer to healthy children Wilcoxon's test revealed no significant differences in patient's saliva TNF-α concentrations between subsequent examinations 1 and 2 (Z=0.470317; p=0.638129) and examination 3 (Z=1.626513; p=0.103841) over the period of anticancer therapy (Figure 1) .
The results obtained in the group of children with ALL found no statistically significant correlations between GI and saliva TNF-α concentration determined in examination 1, 2 and 3. However, TNF-α concentrations determined in examination 1 and 3 tended to be higher which is likely due to increased TNF-α concentrations in case of gingival inflammations (Figure 2 and 4) . Examination 2 found that saliva TNF-α concentration tended to decrease at lowered GI (Figure 3 ).
dISCuSSIon
The saliva is one of biological materials that has been most frequently used recently to determine biomarkers in various, often serious diseases. As the saliva is collected in a non-invasive way, its samples provide good parameters to diagnose, evaluate effects of treatment and monitor patients' recovery at minimum discomfort for patient and doctor [9, 10] .
Studies confirmed that some saliva biomarkers such as IFN-γ, IL-1-β1, TNF-α, IL-6, IL-4, IL-8 might be useful to predict future course of oral diseases [11] . Cytokine immunoregulatory mechanisms involved in inflammatory processes, infectious and immune diseases affecting the oral cavity play a specific role in host defense and maintaining oral homeostasis. The saliva can provide a good biomaterial to detect proinflammatory markers of oral pathologies [12] . Concentrations of saliva cytokines are likely to replace other biomarkers in the evaluation of chemotherapy effectiveness [13] .
Our investigation found that TNF-α concentration tended to increase at increasing GI values in the group of children with ALL in examination 1 and 3. Laskus-Perendyk et al. examined a group of adults hospitalized for hematological diseases and diseases of the hemopoetic system. They found highest plaque index (PI) in 85% patients and gingival inflammations in 73% subjects [14] .
Dens et al. observed negative correlation between age and GI (r=-0.35; p<0.05) between the group of children on chemotherapy for neoplastic disease (half of them had ALL) and healthy children. In the group of 14-17-year olds GI=1.1±0.1; in the group of 6-9-year olds GI=1.7±0.3 [15] . The study by Fleming and Kinirons did not find any differences in PI and gingival inflammations in children with ALL remission and healthy controls [16, 17] . Sonis et al. reported on high indices of oral hygiene and gingival condition; they observed significant differences only in the group of patients with ALL on radiotherapy. In the group of children on chemotherapy alone mean GI=4.7±3.2. High index values were due to bigger number of teeth affected by abnormalities and irregular enamel surface [18] . Avsar et al. found significantly higher P1.I and GI in the group of children in complete remission stage in comparison to the healthy children [19] . Uderzo et al. were examining oral conditions in the children (majority of them with ALL) after allo-or autogenic grafts. They found soft deposits in 77.7% children, gingival inflammations in 59.2% and periodontal pathologies in 3.7% examined [20] . Lesions of the oral mucosa, i.e. oral ulcerations and reddened areas, however without signs of acute viral inflammations or abscesses were reported by Meyer et al. in 60% adults with ALL.
TNF-α activates the transcription of NFκB which stimulates cell proliferation, inhibits apoptosis and additionally enhances the secretion of proinflammatory cytokines. The correlation between chronic inflammation and carcinogenesis is well known. Therefore cytokines and other inflammatory mediators are thought to play an essential role in carcinogenesis [21, 22] . Sonis et al. reported increased blood IL-1 and IL-6 correlated with TNF-α concentrations in the patients on chemotherapy [23] . Webb et al. analyzed blood serum cytokines IL-2, IL-3, IL-4, IL-6, IL-10, IL-12, TNF-α, and IFN-γ in the group of patients with AML, ALL and the control group. They found significant differences in the levels of cytokines between the groups, except IL-2 in the patients with ALL, referred to the healthy controls. The results confirmed the hypothesis on deregulated immune system due to hematologic neoplasms, which can be considered to characterize the disease as well as in treatment [24] . Rhodus et al. observed various increases in the concentrations of TNF-α, IL-1α, IL-6, and IL-8 in the saliva and oral tissues in the patients with oral lichen planus. According to the authors, significantly increased salivary proinflammatory cytokines may have diagnostic and predicative value as replace indices of neoplastic transformations [25] .
Considering the results of our study and obtained by others, it is impossible to unambiguously claim straightforward and direct correlation between two parameters as various dependences between immune and biochemical salivary characteristics can affect the complexity of oral pathologies. Thus further studies should be postulated to determine biological importance of correlations between saliva cytokines and primary disease, medication and patient's age.
ConCLuSIonS
1. In the group of children with ALL, GI was statistically significantly increased in comparison to the control group. 2. In the group of children with ALL, mean saliva TNF-α concentration was lower and decreased over the period of chemotherapy; in comparison to the control group the difference was close to statistically significant.
Monitoring of prognostic factors affecting inflammations
of the oral mucosa in children with ALL is likely to prevent complications to standard treatment and prolonged time of anticancer therapy. Early evaluation of those parameters can quicken recovery and strengthen patient's health. 4. Both parents and children need to be educated on the disease itself, possible complications and threats developing within the oral cavity over the period of chemotherapy. Close cooperation between dentists and pediatricianshematologists seems to be crucial to maintain oral health and improve the quality of life of children suffering from neoplastic diseases. 
